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ABST1tAC’1:

We searched for bow shock-like objects like tlIosc  k]low])  arou]]d  ( oph and a

(hn mar the positio]]s  of 183 runaway stars. IIased primari  I y on the presence

md Inorphology  of excess 60 micron  elnission  wc identify 56 I ICW candidate bow

shocks, for which wc determine photometric and morphological pamnctem.

l’rcviously  on] y a dozen or so were knowl]. Well resolved structures  arc present

around 25 stars. A co]nparison  of the dis tr ibut ion of  syImnchy  axes  of the

infra~cd  ]lcbulae with that  of their proper  motio]l  vectors indicates that these

two dimctio]w  am very sig])iiicmtly  alig]lcd. ‘1’he Obsel”vcd  Zdiglllllcnt  Strongly

suggests tl]at the structures wc scc arise from tlIc  intcractio]l  of stellar winds

with the i]ltcrstcl]ar  ]]]ecliuln, justifying the ide]ltificatio]l  of these far-infrared

objects as stellar wi]ld bow shocks.
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1. i n t r o d u c t i o n

l]lfrared  bow shocks aromld  ]Icarby  runaway 013 stars wcw first  discovered by Van

13urwII  a]ld McCray  (I!YXI=VM)  using IltAS da ta , ‘1’here a simple analytic moclel  was

developed for the sizes, luminosities and color tcmpmatures  based 011 simple momentum

ba]ancc L)etwec]l the ra]]l pressures of a stellar wind a]ld  the radiative]y  heaied dust-bearing

i]lterstdar  lIlcdium.  l’or the prototype objects, the ]nodcl  has 110 fkc parameters aIld

successful ly rq)roduccs  t hc fundamental 1 liA S observablcs. ‘1’hc I]]odcl has been extended

to describe the axisy]nl]lctric  ki]lclnatics  a)ld  ]Ilorphologics  of bow shocks (Van Buren et al

1990, M a c  I,OW et al 1991ab,  Vail }Iurwl a]ld  Macl,ow 1992), prilllarily  those giving  rise to

co]netary  ultraco]npact  1111 regions.

Ilow shocks are a ubiquitous pheno]ne]loll. Many stars move supersonically through

the lSM and ]JOSCWS  wi]lcls, satisfyi]lg  the conditions ]]ccessary  to give rise to a bow shock.

111 Illost cases the wind is too  weak, the ISM too te]]llous,  or the star too fai]lt  to yield an

observable object, but  as observing methodologies in]] mow+ more and more will be detected

arouncl  evcx nmrcr  a]]d fai]lter  s tars . lktecticm  is no problem though  for the bow shocks

of ru]laway 01] stars. ‘1’heir wincls  arc strong, thus  are able to SWCC])  up a large column

of iutcrstcl]ar  ]Ilattcr, their lumi]losities  are high, givj]]g rise to substantial] heating of the

acco]nl)a]lying  swe])t  u]) dust, a]]d a typical fraction (10-2OYO) arc situated in the dif[usc

lSM where their  velocities arc supersonic, which sup]wrts  the generation of such structures.

l~ow shocks have been  fou]ld  not oIIly around runaway 0}1 stars (Gull  and Sofia 1979, VM),

but also around cataclys]nic  variables (llollis  et al 1992), pulsars (Ku]karlli  zmd llcster

1988), a]ld stars embedded ill  ]nolecular  clouds (Gull and Sofia 19’/9, Wood and Churchwcll

) 989).  ‘J)hc hcliopause,  where the solar wind ]nects  tllc lSM, is of course the nearest stellar

wi]ld bow shock.

WC llavc  sus]mkxl  that bow shocks arc coImlloII  arou]ld  runaway  011 stars ever si]lce



-4-

VM fmulcl  a IlUInbCX around bright, named stars. ‘l’his study rcprcxxmts  the first systematic

a.sscss]lmlt  of their  distrilmtiol],  targeting a list of known  runaway stars with ]mesumed

st~ong  stellar wi]lcls. Our masons for identifying the observed structures as bow shocks are:

● ‘J’hey arc prcferellt,ially  foullcl  arou]ld high vclociiy willd-hlowillg  stars.

● ‘J’hey arc aligllcd  with the stars’ proper ]notion vec to r s .

● ‘1’heir large-scale })ropertim  match the tllcorctic.al  dcmriptiml  of VM for bow shocks

observed i] I the far infrared.

III this palm wc justify the first two c.lail~ls  ill  the context of ol)scrvationa]  data derived

frol[l the lI{AS  1 IIfrarcd  Sky Survey Atlas ] (the third claim was dcl~lonstratcd  correct ill

Vhf). ]~ut ouI” II}aill purpose is si]np]y  to present a cata]og of a sizeab]c IIuInbcr  of bow

shocks for usc i]] characlmizillg tJlc phcnonIc  IloIl  and to provide t argct objects for future

obscrvatio]lal  alId t,hcorctical work.

2.

‘J’lmc  is no systematic or cwnplctc

T h e  S a m p l e

list of ruIIaway  stars. WC C11OSC  our target  list from

the: c-ata]ogs of Gannany,  Conti and Chiosi  (1 982),  and Cruz-{;ol]za]cs  et a] (1 974),  ant]

thcI list of ru]laway stars by Stollc  (1 979). Stars WW( sclectccl  011 the basis  of t,hcir  radial

allcl  space vclocitics:  geIIcIally  stars with peculiar space motio]ls  greater than 30 kin/s  were

collsidcrcd  ruI Iaways. OuI list  should not  bc consid(rcd  systcl)latic  or complctc sillcc  it

inherits the biases of the inlmt catalogs. ‘1’he Hi])pal  cos results will supply us within a few

.-

l’.l’hc  ISSA is a l]~acllil~c-reaclable atlas of the sky in the four ll{AS  bands  at 12, 25, 60

allcl  100 ~1111 at 5 amllimtc resolutio]l.
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years  with a IIIOIe complete and unbiased catalog of runaway stars.  Given  the anticipated

availability of the IIipparcos  sample, and the biased and inco]nplete  ]Iature of existing data,

we clid IIOt dm)Il  it worthwhile to cull the literature for all possible runaway stars.

We also CI1OSC  a separate control salnple of 30 stals,  not thoughi  to be runaways, from

the input  lists. ‘1’he  sample size is 30 because it allous  a statistically significant test of

whether the observed incidence of associated far-infrared emission i]] tllc runaway sa]nple  is

difi’crent  than from that  in an otherwise mostly similal non-runaway sample. ‘l’here is me

difrcrmlc.e betwcml  the two samples that should be lrmltioncd:  the control  sample is missing

the bright end of the apparent magnitude distributio]l  that the runaway  sample  has. We

illtcrprct  this si]~lply to ]ncan that the 013 stars closest to a tylJical  location (like ours) far

froIIl  star forming  regions are in fact runaway stars, if: those that have left their  original

locations at high velocity and IIOW comprise a ‘(field” l)opulatioll.

3 . Survey  M e t h o d o l o g y

3 .1 . Collecting the Data

‘J’he lltAS data was extracted from the oil-line  archive maintained  at the IIlfrarcd

l’roccssillg  and Analysis CcJltcr2 ill the followiug  man]ler. Software was dmwloped  to access

the ISSA  l’ostage  Stalnp  Server (Ulll.=''lltt]):  //astro\'r.i]]ac.caltccll.e(l~~:8888/lSSA-l)S''  ) at

I]’AC. ‘J’his  “survey cmgim” takes a list of object  nan~es and auto]]  latically Illakc.s a postage

stalIlp request for each target. ‘J’he request  rcs])ollses  arc rcccived  as 11’1’ML  docunlents

containing  U 1{.1,s  to the prepared h’1’J’S files of extracted 2° x 2° fields. ‘J’he 4 l{’l’J’S files

rc])rmmti]]g  the 4 I1{AS Ixulds  at 12,  25,  60 and 100 pm are trallsfcrrecl  auto) natically
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to local  storage for analysis. ‘.l’his  technique allows  tile clata  collcctio]l  for surveys to be

undertaken froln  large ilnage databases with ]IliniInal  eflort.

3 .2 . !l%e  Excess  Maps

Wc identify  targets  as bow shock candidates if they have associated far il]frarecl  nebulae.

1 )iffuse  elnissio]l  is associated if it is at or near tile target positiol]  slid if it shows evidence

of hcatillg  by a source at the target’s location. We d<:termillc  hmtillg  by creating “excess

IIlaps” which show the distribution of Inateria]  whose color tclIlpcrature  is differel~t from

the background galactic cilrus  elnission.

Wc usc the 100 pln i]nage  as the base ilnagc  froll] which  tl]c  12, 25 aIIcl 6(I ~ml exccssc:s

are to be colllputed. ‘1’hey arc co]nputed by  lnaskillg  out ihc cclltral 10 of the ilnagcs

and ]Jroducillg  pixel-by-pixel scatter diagralIls  of the 12 vs 100, 25 vs 100 and 60 vs 100

plIl IIla])s. III these plots  wc use the lowest. 5070 of tllc 100 pIIl Imi]its  to dcfi]lc a linear

mlatio]l bctwccII  the surface brig; l)t]lcmm  in each  ba]lcl. AII exalIl])lc  is S11OWII as figure 1.

Wc thcII  use  these rc]ations  to subtract  lhc 100 pIII 1 )ased background fro]I] entire images.

l’;ach  ])ixel ill the resultiIlg images IIOW corres])oIlds  t<) the excess  (or deficit) clnissiol]  above

that expected f~onl the ]ncan background rclaiio]l  between  the two bands.  ‘1’his  ]nethod

o f  backgrouIld  rel~lova.1 is inscmitivc  to zero-] wi]lt errors  and stroIIg;  backgrou])ds,  ulllikc

tcchlliqum  usil~g  band ratios  or color telnperaturm.

3.3. ‘1’he Bow Shock ~;andidates

A target l~ccoIIIcs  a candidate when  lAc 60 pIIl ll]a~)  shows a clear excess  llcar the target

l)ositio]l.  1]1 SOIIIC cases  a WC1l Iesolvecl  arcuatc IJcbula  is prcscIIt, but oflml the ‘excess is

oIIly slightly or uII-resolved. ‘1’lw 60 pIIl i][}agcs  of tlIe  56 ca]]didatcs  arc showIl ill figure  2 .
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Catalog and derived data for the candidates are presented ill  table 2, which is organized

in the following way: the first four columm give name, spectra] tyl )e, right ascension and

. decl inat ion (J2000)  of the runaway stars, respectively, ColuInns  (5) and (6) contain the

galactic coordinates and column (7) the apparent visual magnituclc.  ColumII  (8) is the

position angle of the bowshock  symmetry axis. We describe how this measurement is made

in a subsequent section. A rough morphological classification following the nomenclature of

VM is give]] ill  Collllllll  (9). ~ollllrllls  (10) - (Is) are t]le  ll~AS  IIleasu]ed flUXCW in JaIlskys

for bowshock  emission at 12, 25, 60 and 100pIIl,  respcciively,  with the ]~otatioll 10.0 ==

1.0+1. ‘J’he far infrared fluxes  am based on the “excess ma])s” and take into  account all the

appamlt  e)nissioll  above the local backgrou]ld. COIUII III (14) gives the distallcc  froln  the

star to the peak intensity  as lncasured in the 60p III “<’xcess l[laI)” ill arc ]ninutes.  Columns

(15) a~}d (16) arc the pmpcr lnotions  i,, arcseco],ds  pm year ccn~,pilcd  from the ‘Ilipparcos

lIIput. Catalogue)  (1992). We direct readers to that source for tllc original  references.

‘J)he last coluIml, (1 7), is the radial velocity ill  km s--] coln])i]ed  fro]]) “’J1he Bright Star

Cataloguc”  (Iloflleit,  1982),  or from the Si]llhad  data base ill SOIIIC cases. Some of these

stars arc likely spectroscopic billarics, with single  (S1 il) or double (S112) lined spectra.

Orbit detcrlnil~ation  is designated by the 0 suflix  (e.g. SB20). ‘J’he V and V? suffixes refer

to variable and/or suspected variable stars. ‘J’he suffixes A, B, t; al)d  11 arc quaility  index

(Cruz-Gollzalcz  et al. 1974 ) which rcfiect  the uncertainty in the velocities (4, 6, 9 ancl 20

k]n s- ],  m]mctively).

3 .4 . ltu~laway  and Non-Runaway Control Samples

‘J’he control sal]l])lc  was chosen  to be a random set of IIoll-rullaway  stars taken fponl

the sallle  catalog sources as the’ rmlaway stars. ‘J’he II Lotivatiol)  was prilmri]y  to be able to

clistinguisll  whether the 56/183 x 0.3 ratio of far infrared excess stars smI ill the runaway
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samp]e  is measurably Cliffemlt  from the fraction of of non-runaway stars with excesses. A

3oIIleasurclIlclltof  theratio 0.3requircs  asaul]d esixeofalJout  3(lobjects,  ictllebillo111ial

Clistributioll  stalIdard  deviation a == /io(o.3j(]-03.: 2.6.

Before lnoving  011 to the excess  fraction iIJ the ncm-runaway saIn]Jle we now examine

the differences ill  the catalogucd  properties of the two groups of stars just to verify that it

is reaso)lablc  to call OIIC the runaway sa]n]de and the other  the IIoll-ruuaways.

‘1’hc distribution) of apparcmt magnitudes for the runway sam])lc  (56 stars)  has a lneall

value ~ == 6.1 IIlag a]ld  a dispersio]l  o == 2.0 ]nag. ‘J’he Control  SitIIl])lC (30 stars) is slightly

faintc:r, ~ =-- 7.0 IIlag,  with a dis]msion  0 =- I.3 lnat,. ‘1’hc luaiu diffcrcl]cc  is at the bright

l~lagnitudc  cIIcl. ‘1’IIc runaway sa)jll)lc  has well kuow bright objects with bowshocks,  e.g.  6

Sco (111) 143275) and ~ Oph (111) 149757), but the control  dom]’t have ally bright, stars.

‘] ’he IIlost likely  astrophysical]  cx])lallation is that the bright  01~ stars near to us have

already left their  IIatal  associations, so they are mllaways.

‘J’hc?  distributio]l  of radial velocities is even more colnpcllil)g  (see l“ig 3). ‘1’hc runaway

salll])le  has a l[lean  Vr :--0.3 k]n s--l and a dispersion o = 30.1 kill s’ ], while  the IIoll-runaway

sal[lple  has a lnca]l  1{. =. -1.9 kln  s– 1, but  a dis]xmion  o = 5.3 kIn s- 1, i.e. the r u n a w a y

velocity dispersion  is lwarly 6 tilllcs wider. ‘J’his  is not surl)risillg  since  WC selected the

sanlplcs  with such characteristics , nevertheless, it stresses tllc iln])ortance  of the velocity to

discri]nillatc  runaway stars. III view  of the next paragraph ill fact, with cummt data radial

velocities are by far a better discrilnilla]lt  than ]mop(or  lnotiolls. We expect the situation to

ilIlprove  with 1 Iip]mrcos  II Icasured  ]nopcr  motions ill the next few years.

‘1’he Clistributioll  of pro]m I]lotiolls  arc surprisjilg]y  similar ,  i .e .  the IIlCaIM and

d i s p e r s i o n s  arc IIOt si.gllificalltly  diflcrmt,  but, the II Iaill  caveat is the large  uncertainties

of tllc ])IO]WI.  l~lotiolls thmmclvm. ‘1’he lneall valut!s of the l)IO1)CI  IIlotiolls for  the

mllaway  ill both dircctiwls are - 5,9 and -1.2 Inas/y), with dispcrtiolls  of 12.4 and 14.4
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nlas/yr,  respcctive]y.  For control sample the nlcan values are -1.1 aIId -1.8 nlas/yr, with

corres]wllcling  clis])ersions  of 12.3 and 9.5 mas/yr.

II;xcxss far infrared clnission  was found associated with 4 of the 30 noll-rullaw’ay  stars

in the control salmp]e. Sta]:dard statistical techniqu~s  applied to this fraction show that

the proportion of non-runaways with excesses is differx!nt froln  tllc  ])rolJortion  of rul]aways

a LIIC 970/0 con fidej]cc  lcnml (56/183 vs 4/30). WC thus conclude that the infrared excesses

arc a property of the space nlotion  of the runaways, consistcmt  with the hypothesis that

the cxccss  arises fro]n  ~adiatively heated dust llcar t] Ie stars - dust associated with gas

penetratiIlg  close to the star because of its high rain ])rcssurc. OrcliIlarily,  for a low velocity

(subso]]ic)  star, wc expect that tl]e  con]bi~ied  action of stellar wi],ds  a]ld radiatio],  ~mxsure

will eject interstellar dust from  the neighborhoods.

4 . Distributic)n  of Synlnletry  Angles versus l)roper  M o t i o n s

A resolved traIlsverse  bow sliock  has a WC] l-clefil)~!d  paraboloid] shape with IAe star

located on the syIINIletry  axis. WC want to cletcnnillc  the sy]nn]etry  axis objectively,

Wit]lout  rc]yil]g  011 eye IIlcasurellwllts.

‘J’he  sylulnctry  algles for the resolvcc] bow  shocks were  dctellllillcd  ill all ob jec t ive

InaIIIIer  by fil)cling  the: best fit axis for reflection] SymII letry  (co]lstrailled to pass through the

star) for  cliffc.rent isol)hota]  co:)tours  as a function of surface brightllcss.  We used the 60 pIII

excess ]naps because they are very IIIUCh IIlore free of confusi)]g  backgrou]lcl  structure than

the origid  ISSA i]nagcs. ‘J’he conceJJtual  pr’occ!clure  for deterlllil)iIlg  the syIImIctry  axes

goes like this: each contour  C is used  to gelleratc a 2 dilnensiona]  function ,S whose value is

1 inside the coIItour  and O outsiclc.  At each lwsition  angle s for a test synmlctry  axis  the

iscq)hotal  shape is rcflcctec] through the sylnlImtry  axis to for]]) a IICW function  Y clcfined

silllilarly to S’. ‘J’he illtcgral  0 =- J ,$S” is IIOW a II~CIasurw of the overla])  of S and ,S’. ‘J’he
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angle which maximizes  the overlap is the best fit synllnetry  axis. We show in figure  4 plots

of 0 vs s for a nuIIIber of’ isophotal  contours in the 60 pIn cxccss  IIIa]M of four objects. It

is easy IIOW to choose by eye which of the 2 (or 4) possibilities COI I esponds  to the oriented

sylnlnetry  axis without fear of subjectivity. Some tale must bc taken hex-e when  working

with the postage stamp ilnages since they are Ilot always oriented so that  celestial IIOIth  is

directly toward the top of the i]llagc. ‘1’he ullcertailltics  in the al]gle  lneasurcnncnts  arc of

order 10°, bu~ wc  C1 O Ilot have a statistic to be Inorc  l)recise.

‘] ’he directio]l  of motion  of the stars is deterlnined  fro]n the orientation of their  proper

nlotio]ls  (a few lnas/yr  for Inost  stars). At prcsellt  tlIe uncertainties ill the proper nlotio]]s

arc:  as large as the I neasurcd values for w 90Y0 of the selected stars, and we consider this the

lnaill  source of error in the following analysis.

4 .1 . Dhectional A]lalysk

‘1’he dircctiol] of ]notion  through the 1.SM of the star should cwilicide with the orientation

of the sy]n]]wtry  axis if the bow shock hypothmis  holds. IIut evc II iII cases where the I)ropcr

lnotiolls  arc known the local relative velocity of the star ancl the alnbient  gas arc not. 1{’oI

stars withil]  a fcw k])c, which is true of our saln])le,  the galactic shear  is relatively sIIlall

c.olnpared  to ihc runaway stars’ velocities so we haw’  IIOt corrected  for galactic rotation.

III SOIIIC cases we lnay have Iniside]ltified  a ]mrt  of aIl uIIrclatcd filalllellt  or a bubb]e

as a bow shock sillcc  tllc nlorphological  classification  is subjective. Not the least of all

ullccrtaillties  arc tllc ra the r  large errors in the propeI lnotio]l  ve(:tors  thel]lsclves,  allcl  t h e

sll)allc’r  ullccrtailltics  ill the sylIllIletry  axis oricl]tatiolls.

III ‘J’able 4 we show the relative al~gles ill degrees betwecvl  llIC orientation  of the far

infrared sylllllwtr<y  axes a]ld the proper motio]ls  of tile star for 2<5 cases where the ])ropcr

IIwtioll  arc kl]ow’11. ‘]’]Ic  seCOlld  CO] UI1lI1  ShOWS  ih CII’OIS  ill  dC/,1’(X:S  CiilCUl~tCd  iiS th(> SUII1 O f
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the error in the direction of the proper motion and the error in clctcmnilling  the direction of

the bow shock. A relative  angle of 0° lneans  that  the proper  Inotio]l  is coincidel]t  with the

geonletrica]  direction of the bow shock.

‘J’IIc t,echl)iques  clcwclo])cd for analyzing directional data arc difitire]lt  fronl  the more

falni]iar  tcc.h]iiques  used for linear data. Let 01,. . . ,0,, bc the values  of the relative angles

(in our case n = 25). Applying  the standard j)roccdure  (Madria  1972), we assign to each

ang]c a unit vector in this direction. 1,4 the vector SUH1 of these  u]}it vectors divided by

n be R (the vector average) ancl let 1/ k its length. ‘J’he ]nca]l  dircctio]l  is clcfilled  as

the  d i r ec t ion  of Ii and the circular variance is defillcxl as So =. 1 - Ii. Note that these

cldillitio]ls  are rotatio]lally  illvaria.llt  as desired. ‘J1he <ircular variance  is zero whcII a]] the

poi]lts  arc identical  and it is onc WIICII they arc u]liforn~ly dis tr ibuted 011 the circle. ‘1’he

angular  stwldard  deviation in radians is given  by so z &Ql%(l  -  s.)

ApplyiI]g  the ])rocedure  above,  we fi]ld that  t h e  simple average  a]lglc  is  8° aIIcl the

standard deviatio~l  75°. We IJICI1 deixmnine  a weighted average, weighting each point,

inversely with the square of the error in the ]n.oper  IIlotioll  positio]l  angle.  ‘J’hc weighted

average angle is 3° ihe standard deviation 60”. 111 both cases the average allglc  is less than

or the of orclcr  of a/{(lV -- 1 ) away frolll  OO.

We present a ‘frosette  diagram’) of the relative angle clistributioIl  ill Fig. 5, g~oupi]lg  the

C]ata froln  ‘~’able 4 ill  45° interva]s.  ~orrespol]ding  to each iIlixu%d wc construct a sector

with apex at the origin radius proportional to

tha t  i]llxrval).  lt is clear that  the clistributio]l

the xero  directioIl.

the class  frcqucllc~’ (the IIUInbeI of angles in

of relative allglcs  is stro]lgly  biased  towards

l~iIlally  we a])p]y  Kuilwr’s test (Kuiper  1960) to test whethcI  the coincidence  between

tile  bow shocks and the l)ro]wr  IIlotiolls  dircxlioll  could have arise]] by chal]ce.  II) other

worcls  what is the ])robability  that these  ])oillts  are derived frolll the ulliforl~l  dis t r ibut ion.
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,Since we have a sIIIaJl sample we used a Kohnogorov-type  test that was adjusted to the

circular  case by Kuiper. If U~(0) is the empirical distribution functiol~ a]ld 1’(0) is the

assulned  distributio]i  function (in our case J’(O) == 0/2T the uniforl]l  distribution) then the

statistic

Wllcll!

is a lnea.sure of the deviation  between the cml)irica]  distribution  and the assulned  oIIe.

It is rotationally invariant, i.e. does I lot depend on tile choice of the zero dircctioI].  ‘J’he

statistic V7~ = /?Ll{t is tabu]ated  ill  hfladria  (1 972). ‘.l’he 5 0/0 value of 1(~ is 1.67, our value

is 1.88, so wc reject the hypothesis of uniformity at tile 950/0 colliidcl]cc  level. ‘J’hc Kuipcr

test for our data shows that the distribution] is highly  nOII ulliforl[l  as can  be secll from  the

“rosette diagraln’). ‘J’ogcthcr with the fact that the avwagc dircctio]l  is witllill  one standard

deviat ion froln the zero  dimctiol]  this is consistent  with the hy])othcsis  that the observed

structures arou]]d  runaway  stars arise as a collscquwlce of the collfi]]clIlcl]t  of their stellar

wind  by the lSM due to their sulm-sonic  ]Ilotion.
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Figure Captiol]s

Figure  1. C o n f l a t i o n  of 25 vs 100 pIIl aIId 60 vs 100 p]n  ]]ixcl  intcIlsities  for the

I 2-degree region  wound  IJl) 188001 in the lSSA images. W e  fit a linear relatio)l  to t he

I lowest 5070 of the 100 pn points and use that relation to construct excess nlaps. ‘1’he region

I around  the object  of interest is cxclucled  fro]~ I the fit. Note that  excess maps arc much

I better than ratio maps  bccausc  there are sigl]ificant  zero-level ofl’sets ill each band and

because  they have the salne units as the original  Inaps.

I I’igure 2. 60pIIl excess  lna])s  for likely IIOWSI1OCIW  around ruuaway  stars. l<lach f ield

is 2° x 2° a.lld darker lnea.l]s  a larger excess. SolIle ilnagcs lIave  residual stripes clue to

uncalibrated gain  drifts in the 1 RAS  detectors (which jll fact were IIOt designed for inlagilqg).

l~roIIl the top, left to right: 111) 1337, 111) 2905, 111) 4142, & 111) 17505.

l“igure  2 (co]ltinucd)  11’roIII the top, left  to right:  111) 19374,  111) 19820,  II]) 22928, &

111) 24431.

Figure 2 (contil]ucd)  FIOIII the top, left to rig;ht: ]11) 30614, 111) 34078, 1]1)+-39 1328,

& 111136862.

Figure 2 (co~]tinucd)  FJOIII  t,hc top, left to right:  111) 37020, 111) 37737, HD 41161, &

111) 41997.

Figure  2 (col]tinued)  11’10111 the top, left to right:  111) 42933, 111) 47839, }11) 48099,  &

111) 50896.

h’igur~  2 (conti])ucxl).  11’roIIl  the top, left to right: 111) 52533, 111) 54662, 111) 64315,  &

111) 66811.

Figure  2 (colltillued).  l~roIIl  the tol),  left to right:  111) 8!3137, 111) 92206, ]11) 101131 ,  &

111) 112244.
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Figure  2 (continued). Fro]n the top, left to right:  111) 130298, 11 D 135240, 111) 329905,

& 111)  143275.

Figure 2 (coll~il)ued).  I“IOJI1 the top, left to right: 111) 171491, 111] 175514, 111) 186980,

& 111) 188001.

Figure 2 (continued). From the top, left  to right:  111) 227018, 111) 189957, 111) 192163,

& 111) 195592.

Figure  2 (co]ltinued).  FIoIn  the top, left to right:  1~1)+-43 36J4,  111) 199579, 111) 202214,

& 111) 203064.

l“igurc 2 (co]liinucd).  l’rom the LoIJ, ]efl to rig;ht: 11])+43 36.54, 1]1) 19957!l, ]1]) 2 0 2 2 1 4 ,

& 111) 203064.

Figure 2 (C.olltillucd). l“rolIl ihc top, left to right: 111) 203467, 111) 207538, 111) 21083!l,&

111) 212593.

Figure 2 (co]ltinued),  l“ro]n the top, left  to r igh t : 111) 213087, 111) 214680, 111)+63

1964, & 111) 224151.

Y’igure 3. 1 )istribuiioll  of radial  velocities for the bowshock  (to])) aIId non-runaway

Control  (bottol  Il) sa]nl)lcs. l{adial  velocity is a IIIUCII better discrilIli]lant for runaway vs

non- runaway  thaIl  ]JIO])CI lnotiolls  bccausc of significantly large astrolnetric  errors.  We

await  the ]Iipparcos Icsults to bring  higher accuracy to the stcllal ]mper IIlotiolls.

Figure  4. 1 )q)ictioll of tbe syImIIctIy  al)glc (counter-c]ockwisc aIld uncorrcctcxl)

detcrl]lillatiol)  for  the bowshocks  detcctcd using tl]e  6(lpIII excess  II)a])s.  ‘J’hc a n g u l a r  Inarks

arc every 10° (SCC  text for dctai]s).  l’ronl  the top,  left  to right:  111) 149757  (200), 111) 192163

( 3 0 s0), 111) 188001  (145°)  & 111) 48099 (700) .
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Figure  5. 1 distribution of the relative  allglcs,  obtained froI~~ the difference  betwee~l  the

synmetry  bowshock  ang]e and the orientat ion of its ]Ilotioll deterl]lilwd from the star’s

proper lnotion. ‘J’he  billsizc  corresponds to 45°.
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